Erlangen, FRG *To whom reprint requests should be sent Communicated by H. zur Hausen DNA of a new papillomavirus type was cloned from a cervical carcinoma biopsy. Two EcoRI clones of 7.8 and 6.9 kb in length were obtained, the latter contained a 900-bp deletion. The BamHI fragments of both clones were used to characterize the DNA. It represents a distinct type of papillomaviruse as determined by its size, its cross-hybridization with DNA of other papillomavirus types under conditions of low stringency only, the co-linear alignment of its genome with HPV 6 and HPV 16 prototypes and its occasional occurrence as oligomeric episomes. We tentatively propose to designate it as HPV 18. DNA hybridizing with HPV 18 under stringent conditions was detected in 9/36 cervical carcinomas from Africa and Brazil, in 2/13 cervical tumors from Germany and 1/10 penile carcinomas. Benign tumors (17 cervical dysplasias, 29 genital warts), eight carcinomata in situ and 15 biopsies of normal cervical tissue were devoid of detectable HPV 18 DNA. HPV 18-related DNA was found, however, in cells of the HeLa, KB and C4-1 lines all derived from cervical cancer. The state of the viral DNA was investigated in four cervical cancer biopsies. The data reveal that the DNA might be integrated into the host cell genome. One tumor provided evidence for head to tail tandem repeats some of which persisted as circular episomes.
Introduction
Papillomaviruses are known to cause benign proliferations of skin and mucosa revealing the characteristic histological pattern of papillomas or fibropapillomas (for reviews, see Rowson and Mahy, 1967; zur Hausen, 1977) . This group of viruses is remarkably heterogeneous and at least 25 distinct genotypes have been identified in man (reviewed by Gissmann and Schwarz, 1984) . For many of these types a specific pattern of induced macroscopic and microscopic lesions has been established .
More recently, evidence has accumulated that certain types of human paillomaviruses (HPV) are closely associated with specific human cancer. In different laboratories the presence of HVP 5 and 8 in cancerous tissues of squamous cell carcinomas arising in patients with epidermodysplasia verruciformis has been demonstrated (Orth et al., 1980; Ostrow et al., 1982; Pfister et al., 1983 ; G. Orth, personal communication). The suspected role of papillomaviruses in human genital cancer (zur Hausen, 1976) received substantial support by recent findings: HPV 6 DNA was demonstrated in non-metastasizing verrucous carcinomas (Buschke-Lowenstein tumors) of the penis and vulva (Gissmann et al., 1982a) . In a few biopsies from patients with cervical cancer HPV 10 (Green et al., 1982) or HPV 11 ) DNA was demonstrated. Very recently a HPV DNA cloned directly from a cervical cancer biopsy, designated as HPV 16, was demonstrated in a high percentage of cervical, vulval and penile cancer biopsies as well as in clearly precancerous lesions, such as Bowen's disease and Bowenoid papulosis .
The present report describes the isolation and partial characterization of a new type of HPV DNA isolated from a cervical cancer biopsy. It also analyzes the presence of this DNA in additional cancer biopsies as well as in cell lines derived from cervical cancer. Results
Cloning ofa new type ofhuman papillomavirus DNA from a cervical carcinoma biopsy A large number of cervical carcinoma biopsies obtained from various geographic regions was screened for the presence of HPV 8, 9, 10 and 11-related sequences by low stringency hybridization. By southern blotting, DNA from one tumor from a Brazilian patient (WV-341) revealed after EcoRI digestion two bands (7.8 and 6.9 kb), after BamHI cleavage three bands (16, 6.7 and 5.8 kb), (Figure 1 ). After washing the filters at conditions of higher stringency (Tm -30°C or Tm -18°C, respectively), the 16-kb and subsequently the 6.7-and 5.8-kb fragments were no longer detectable (Figure 1 ).
A genomic library was constructed from the BamHIrestricted tumor DNA using X L 47 as vector. Screening with a radioactive mixture of HPV 8, 9, 10 and 11 DNA under non-stringent conditions revealed a number of recombinant phages containing either the 6.7-kb or the 5.8-kb BamHI fragments (K51 and K50 shown in Figure 2 , lanes a). Both of these sequences were present within the tumor DNA at high copy number (-50-100 copies per diploid cell). They are closely related to each other as shown by cross-hybridization under stringent conditions (Figure 2 ). No hybridization was noted with DNA from human embryonic fibroblasts ( Figure  2 , lane c) even at a sensitivity permitting the detection of less than one genome equivalent or at conditions of low stringency (data not shown).
The 16-kb BamHI fragment, detected in the original tumor under conditions of low stringency of hybridization, did not hybridize with one of the cloned fragments even at low stringency. Thus, it appears to be an entirely unrelated sequence which has not yet been further characterized. Cleavage maps constructed for the 6.7-and 5.8-kb fragments revealed the identity of both fragments except for a deletion of -900 bp in the smaller fragment ( Figure 3 ). Mapping of this deletion was possible within + 180 bp (see legend of Figure 3 (Figure 4 ). In addition, co-linearity of HPV 18 DNA with the HPV 16 genome could also be demonstrated (data not shown). Hybridization at low stringency followed by subsequent washing at high stringency after the first exposure permitted the detection of HPV 18-specific as well as that of related sequences within the same experiment ( Figure 5 ). As shown in Table I Figure 3) were demonstrated within the tumor. Since this DNA contains a high copy number of viral genome equivalents, the presence of viral DNA in head-to-tail tandem repeats is suggesed. The demonstration of linear dimers and trimers after partial digestion of tumor DNA (Figure 9 ) provides direct evidence for tandem repetition. A number of submolar bands are visible in Figure 9 migrating faster than unitlength viral DNA. They did not change in mobility when WV-341 was digested with EcoRI in combination with noncut enzymes. Thus, although very likely, no direct evidence is available for an integration of viral DNA into the host cell genome of this tumor. In three additional HPV 18-positive tumors, however, cleavage with single as well as with multicut enzymes provided patterns different for all tumor DNAs. Discrete bands were also obtained after cleavage with non-cut enzymes for one of these tumors (Figure 10 ). Since the cleavage pattern varied by using different non-cut enzymes and since most of the bands migrated slower than unit length viral DNA, integration of viral DNA into the host cell genome should be the most likely explanation. This is further supported by two-dimensional electrophoresis of cellular DNA which did not reveal evidence for the presence of circular viral DNA (Figure 10 (Gissmann et al., 1982b; Durst et al., 1983) (Gissmann et al., 1982a) , HPV 10 DNA and HPV 11 DNA in a small number of anogenital and cervical cancer biopsies (Green et al., 1982; Gissmann et al., 1983) and in preparation) . By Pfister, 1984; Gissmann and Schwarz, 1984) , integration of papillomavirus DNA has been suggested in other systems. BPV 1 DNA has been found integrated in one hamster tumor cell line (Breitburd et al., 1981) . Shope papillomavirus DNA has been reported to be covalently linked to host cell DNA in rabbit tumors and tumor cell lines McVay et al., 1982 Southern (1975) .
Pre-hybridization solution contained: 5 x SSC ( I x SSC is 0.15 M NaCl, 0.015 M sodium citrate), 50 mM sodium phosphate buffer (pH 6.5), 0.02%o polyvinylpyrolidon, 0.02% bovine serum albumin, 0.02%7o Ficoll 400, 0.5 mg/ml denatured tRNA and the formamide concentration as given below.
Hybridization was performed at 42°C in the same solution containing 20 mM sodium phosphate buffer (pH 6.5), 0.1 mg/ml tRNA and the labelled DNA. The formamide concentration was 50%o for stringent conditions (Tm -18°C) and 2001o for non-stringent conditions (Tm -40°C). Filters were washed 2 x 5 min and 3 x 30 min in 0.6 x SSC, 0.1%o SDS at 63°C for stringent conditions and 2 x SSC, 0.1 %0 SDS at 50°C for non-stringent conditions. Labelling of DNA All DNAs used as probes were purified from the vector by electrophoresis and subsequent electroelution into dialysis bags (Maniatis et al., 1982) . Nick translation (Rigby et al., 1977) to a specific activity of 108 c.p.m./yg has been described previously (Fresen et al., 1979) . 105 c.p.m./cm2 filter area were used in most hybridization experiments. Cloning of viral DNA HPV DNA was cloned from a genomic library of a tumor DNA Qaboratory code WV-341), constructed in bacteriophage vector X L47 after cleavage with BamHI. The cloning procedure, screening of recombinants and propagation of phages have been described before (Gissmann et al., 1982b) .
